Abstract: Empirical evidence regarding the association between antidepressants and valvular heart disease (VHD) is scarce.
INTRODUCTION

D
rug-induced valvular heart disease (VHD) primarily presents as cardiac-valvular regurgitation and has raised serious concerns as fenfluramine was withdrawn from the market. [1] [2] [3] One of the possible mechanisms of drug-induced VHD is that some drugs may directly activate the 5-HT 2B receptor located on the aortic and mitral valves, which would then lead to cardiac valve fibrosis. [4] [5] [6] For example, drugs with well-known risks of causing VHD, such as appetite suppressants (e.g., fenfluramine), migraine prophylactics (e.g., ergotamine and methysergide), and antiparkinson agents (e.g., pergolide and carbergoline), have been reported to have high affinities and agonist activities at the 5-HT 2B receptor. [4] [5] [6] Nevertheless, several observational studies and animal studies have suggested other mechanisms of drug-induced VHD, such as elevations of 5-HT concentrations in the circulation and 5-HT transporter deficiencies. [7] [8] [9] [10] In patients with carcinoid syndrome tumors, high 5-HT levels have been observed to be associated with valvulopathy, 9, 11 and this association resembles the pattern of VHD developed in pergolide and cabergoline users. 5, 12 Animal studies have also reported that daily injections of 5-HT in rats result in both elevated 5-HT levels and valve abnormalities. 8, 10, 13 Additionally, because 5-HT transporters are highly expressed in platelets and the pulmonary artery endothelium and are responsible for the removal of 5-HT from the plasma and the clearance of 5-HT, 14, 15 5-HT transporters are considered to play a critical protective role against the potentially harmful effects of 5-HT on the left side of the heart. 7, 16 This hypothesis is consistent with an animal study that reported that the valvulopathy that develops in 5-HT transporter-knockout mice may result from a reduction of in the clearance of 5-HT and a subsequent elevation of the 5-HT level. 7 Therefore, the development of drug-induced VHD probably results from a complex interaction between 5-HT, the 5-HT transporter, and the 5-HT 2B receptor.
Together, these hypotheses illustrate the urgent need for more information about the safety of antidepressants. Although the pharmacologic mechanisms of antidepressants are related to serotonin metabolism, 17 for example, inhibition of the 5-HT transporter and downregulation of the 5-HT transporter, [18] [19] [20] empirical evidence regarding the safety of antidepressant treatments is scarce. [21] [22] [23] Some studies have found that the use of antidepressants does not increase the risk of VHD. However, these studies are limited by small sample sizes, 21, 23 confounded by indications 21, 23 and suffer from unclearly defined populations. 22 Therefore, this study aimed to evaluate the association between the use of antidepressants and VHD using a population-based large-scale cohort with 10 years of follow-up data.
MATERIAL AND METHODS
Data Sources
The National Health Insurance Research Database (NHIRD) is a claims-based database of Taiwan's mandatory National Health Insurance (NHI) program. The NHI program was launched in 1995 and covers >99% of Taiwan's population ($23 million residents). This database provides comprehensive records of healthcare utilization, including ambulatory care, inpatient care, and prescription medications, and has been used for pharmacoepidemiological research that has been published in many studies. 24 Our study was based on a subset of the NHIRD, termed the Longitudinal Health Insurance Database (LHID), which contains the claim data of $3 million individuals who were randomly sampled from the Registry for Beneficiaries of the NHIRD.
Ethical Statement
Because the identification numbers of all subjects in the NHIRD were encrypted to protect individual privacy, this study was exempted from full review by the Institution Review Board of the National Taiwan University Hospital, and the requirement for informed consent was waived. The Institution Review Board of the National Taiwan University Hospital approved this study (201312069W).
Study Cohort
We identified a cohort of patients aged 20 years and older who had received at least 3 prescriptions of antidepressants between January 1, 2002, and December 31, 2010. The date of the first antidepressants prescription was assigned as the cohort entry date. The patients who had used an antidepressant with 3 years prior the cohort entry date were excluded. [25] [26] [27] and those who had used drugs with potential risks of drug-induced VHD (ATC code for ergotamine N02CA02, N02CA52, N02CA72, A03CB31; pergolide N04BC02; cabergoline N04BC06, G02CB03; bromocriptine N04BC01, G02CB01) within 1 year before the cohort entry date were excluded.
Cases and Controls
Our cases and controls were selected from the identified cohort (i.e. patients aged 20 years and older who had received at least 3 prescriptions of antidepressants between January 1, 2002, and December 31, 2010). The cases were defined as patients who were first hospitalized with a diagnosis of VHD (ICD-9-CM codes 3961-9, 3970, 4240-3) or who were first hospitalized to receive a cardiac valve replacement (NHI code 68016A/B, 68017A/B, 68018A/B) between January 1, 2002, and December 31, 2010.). The admission date was defined as the index date. To further increase the validity of the identification of VHD cases, we required that all of the identified cases underwent echocardiography (NHI code 18005B, 18006B) 3 months before the index date.
As the disease progression of VHD from the asymptomatic to the symptomatic stage typically requires 3 years or longer, 26 only the cases who presented with VHD >3 years after the first use of antidepressants were retained to account for the latency period. Using incidence-density sampling, each case was matched with 4 controls according to age (AE1 year), sex, and cohort entry date (AE30 days).
Exposure Assessment
We retrieved all of the antidepressant prescriptions, including selective serotonin reuptake inhibitors (SSRIs; fluoxetine, paroxetine, sertraline, citalopram, escitalopram, and fluvoxamine), tricyclic antidepressants (TCAs; clomipramine, imipramine, maprotiline, amitriptyline, and dothiepin), serotoninnorepinephrine reuptake inhibitors (SNRIs; venlafaxine, duloxetine, and milnacipram), and other antidepressants (bupropion, mirtazapine, and trazodone; Appendix 1, http://links.lww.com/ MD/A850), 3 years prior to the index dates of our study cohort. We created antidepressant exposure categories based on the timing and duration of the use of the identified prescriptions. Antidepressants users were categorized as current, recent, and past users based on the receipt of prescriptions for antidepressants within 180 days, between 181 and 365 days, and between 366 and 1095 days before the index date, respectively. Nonusers were defined as patients with no record of antidepressant use within 3 year before the index date.
We further examined the cumulative durations, cumulative doses and last daily doses of antidepressants to explore the doseresponse relationship between the use of antidepressants and risk for VHD. The cumulative duration was calculated by summing all prescribed days of antidepressant use within the 3 years prior the index date. The cumulative dosage was computed according to the defined daily dose (DDD). The last daily dose was the daily dosage of the prescription nearest to the index date. If a patient received >1 antidepressant, we summed the daily doses of all of the antidepressants.
Exposure to antidepressants was categorized by the type of antidepressant, affinity for the 5-HT transporter and individual antidepressant. The antidepressants were classified into the following 3 categories according to their affinities for the 5-HT transporter: a high-affinity group (fluoxetine, paroxetine, sertraline, and clomipramine), a moderate-affinity group (citalopram, fluvoxamine, imipramine, venlafaxine, and amitriptyline), and a low-affinity group (trazodone, bupropion, maprotiline, mirtazapine, and dothiepin) 28, 29 (Appendix 1, http://links.lww.com/MD/A850).
Statistical Analyses
We used McNemar's test to compare the demographic characteristics between the cases and controls. Univariate conditional logistic regressions were used to estimate the crude association between each covariate and the risk of VHD. Multivariate conditional logistic regressions were used to evaluate the associations between the exposure to antidepressants and the risk of VHD. All of the multivariate models were adjusted for the comorbidities and co-medications of the patients based on the claims data for 1 year before the index date. 28 The comedications included drugs with potential risks of causing of VHD, including ergotamine, pergolide, cabergoline, and bromocriptine. 1 The associations are presented as odds ratios (ORs) and 95% confidence intervals (CIs). The statistical test results were considered significant with a 2-sided P value of < 0.05. All data management and analyses were performed using SAS 9.3 for Windows (SAS Institute, Cary, NC).
RESULTS
Among 139,592 new users of antidepressants, we identified 874 cases of VHD and 3496 matched controls (Figure 1 ). The distributions of age, sex, and cohort entry date of the cases and controls were well matched. The cases were more likely to have co-morbid conditions than the controls. A greater proportion of cases were current users of antidepressants (28.5% vs 20.7%, Table 1 ).
After adjusting for the comorbidities, the current users of antidepressants were associated with a 1. 
DISCUSSION
Via the application of a nested case-control study design to a nationwide-based cohort, this study is the first to explore the association between the use of antidepressants and the risk of incident VHD among an ethnic Chinese population. We found a 1.4-fold increase in the risk of VHD among current users of antidepressants. Among current users, a dose-response effect was found in patients with cumulative DDDs. Moreover, the users who were currently taking TCAs and antidepressants with moderate and low affinities for the 5-HT transporter were at significant higher risks of VHD. To our knowledge, empirical data regarding the association of the risk of VHD with antidepressants use are very limited. Our findings could thus add to the literature by exploring different definition of exposure to antidepressant and the risk for VHD. However, our findings are inconsistent with those from a matched case-control study conducted by Lapi et al 22 in which the authors reported that the risk of VHD was not associated with the use of antidepressants based on administrative claims data from the United Kingdom (aOR 1.16 [0.96-1.40] for current users compared with past users). Ours is the first study to show a positive association between the present use of antidepressants and the risk for VHD, and several factors may have contributed to the discrepancy between the findings of our study and that of Lapi et al. 22 The major strength of our study is that we defined patients who were hospitalized with VHD as cases, whereas Lapi et al identified their cases based on inpatient and outpatient claims. Our approach thus identified more homogeneous cases because the severities of VHD identified in inpatient and outpatient settings could be very different. Additionally, we adopted a latency period of 3 years to exclude the cases with VHD that occurred too quickly for the antidepressant use to have contributed, which enhanced the association between antidepressant exposure and subsequent VHD, whereas Lapi et al 22 did not consider this issue. The criteria for the cohort selections in the 2 studies were also different. We chose patients who had at least 3 prescriptions of antidepressants, whereas Lapi et al examined those who had at least 1 prescription of antidepressants. 22 Furthermore, Lapi et al stratified their analyses by the timing of the exposure to antidepressants and utilized patients with the smallest cumulative durations or the worst adherences as the reference group, which may have masked the effect of timing and the doseresponse relationship. 22 To address this limitation, we defined the reference group as those who had not used antidepressants within 3 years before the index date. Another possible explanation may be that our study cohort was composed of an ethnic Chinese population, which contrasts with the ethnicity of the population examined by Lapi et al. 22 Our findings regarding potential risk factors for VHD, such as congestive heart failure (aOR 2.7; P < 0.01), coronary artery disease (aOR 1.4; P < 0.01), and hypertension (aOR 1.6[1.2-2.0]), were consistent with those of existing studies. 21, 29 We further found that patients with chronic kidney disease and chronic obstructive pulmonary disease were associated with greater risks of VHD. Thus, we suggest that patients who use antidepressants should pay more attention to the risk of VHD, especially those with underlying risk factors.
Our study also adds to the current evidence via the investigation of the risks of VHD associated with different types of antidepressants. Our negative findings regarding SSRI users and the risks of VHD are in line with those of 2 previous cohort studies. 21, 23 Using an inpatient sample with routine echocardiography in a medical centre as a study cohort, Mast et al 21 demonstrated that the prevalence of regurgitation does not significantly differ between those who are receiving SSRIs and those who are not (26.7% vs 30.4%; P ¼ 0.19). Maréchaux et al also showed that the risk of VHD in SSRI users is similar to that of non-SSRI users (7.7% vs 8.9%; P ¼ 0.71) among patients who have been exposed to benfluorex, which is an antidiabetic agent with a potential risk for causing VHD. 23 However, by exploring the nationwide claims database, our study accessed a more general population than these 2 existing studies.
As with all observational studies based on claim databases, some limitations related to this study should be recognized. First, the NHIRD lacks physical parameters and social histories, including body mass indices and smoking histories, which may be associated with the risk of VHD. However, we used chronic obstructive pulmonary disease as a surrogate for smoking § Adjusted with hypertension, diabetes, lipid disorder, chronic obstructive pulmonary disease, chronic kidney disease, congestive heart failure, myocardial infarction, cerebrovascular disease, and depression.
history. Moreover, we adjusted for a broad variety of covariates in our model and still demonstrated a greater risk of VHD among the current users of antidepressants. Second, information about adherence to the prescribed medication regimens is not contained in the NHIRD. Finally, a larger sample size is required to investigate the relationships between different antidepressants and the risk of VHD as there were many categories with a small sample size (Appendix 2, http://links.lww.com/ MD/A850).
CONCLUSIONS
This population-based study demonstrated that the current use of antidepressants was associated with an increased risk of VHD in a Chinese population in Taiwan. Furthermore, the risk varied between the different types of antidepressants, and this effect cannot be explained by the potencies of their pharmacodynamics or their pharmacokinetics properties. When patients with specific underline diseases use antidepressants, they should be closely monitored for the risk of VHD.
